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SUZWARY

Both fmrward angle

for cell sizing with

and 90° light-scattering measurements have beem used

stream-in-air flow system with very litLle theoretical
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Strea=iri-air flow systems based on the original Stanford design (1,3)

have became increasingly popular in recent years, parL~cular~y !;ince tl,e

systetas became commercially available (2,4). Both focward angle and 90° light

scattering il~ve kvn used with these systems for CCII sizing with the assqtiofi

th.]t the scatturud light inLunsity lmreases rwnutonically with veil size.

i,. –.,,- . ‘-””:’1-’ ,.xri. L .: : r.u 1.;!..’::, t _:r~,1.:. ...!.:..’->:_,:“—..”

:.k.lttt,rS(hi. -.lr- Ii..*.d illthr Lwu cumzwrci~lly ,ivailr~bic I-LJ1! surters “#iLh 2zeasure-

rm:nLson pla’.tic nicrosphercs. W{, alst~ i)reserltcalculation% sil(}wingche effects

on scattered light intensity of changes in parcicl= refracciw: index and particle

position within C!IUCC1l “.trc:~m.



HATERMLS M4D ME~ODS— —— —.

In the strearfn-air flow chamber, the smple stream is surrounded by a cell-

free sheath fluid and passes VL -Fically downward through u 50– co lGOTm diameter

orifice and through a focused laser beam lying in the horizontal plane a few

R!l!icat.,r+ belna the orifice. ~1- -..* ,~~ini-ld_..c,, ., ..L+r.-5t.<r!-C.z:l.:!-.,1.-:.-.r:fracr. In-l

r~flects the laser beam. the light collection iens~,s in tl}esc.itcer d~tectors

have horizontal beau stops that block the light sc~ttcrcd at sm~ll ~nglcs rul-

ative to the horizontal plane.

A typical forward scatter detector geometry is S!IOI..I-Iin Fig. 1 from the viev-

point of detector space. The aIIglt2s 02 drld ;., in tit’cccLor spdcc- are cim..c uhicn

would be ~xsured if the cell str~.am con%isted of ,~ir irlstc~dof w~tcr. H is che

vcrtLcal height of the beam stop, and R is Khc eitt-~’Liv{c“.idlilsc)l
IX.lx

the

s[actered light collection lens. This radius is generally somc,wh~t IUSS thal~ LIIC

f(~ll l(!ns radius and depends on iris settings :Ind Icns ch]untini!cunditi(~:ls.

~ (02. $2) is a sumll element on the f:lceof thv cuLlccLioI~ ICIIS. ‘l~lcdeLt.”.t~lr

response is determined by integrating the’ rcspons~, :IL D over LIIL> t’xptlsed t~{( u

of the lens. Fi~r~’ 2 shows the scatt~.ring ~eom.’rr)’in ctIll SP.ICL in>id,- t!l,

st ream. The center of the Stream is aL 0, L!)Cl.ls,-rbc~m is collin~,.irwith t!~.

z axis, the cell or particle is located at an drbitrdry point, C, .ln,!tl)u’sc.l[L~r~’d

light ray intersects the sLr(!am surface -ItS. 1’lIctrllesc<lttt.rill}:,III:;I.>5WhiL:iI

are used in the el(’ctromagneLlU tll~’orysc;~[tt’ril~~L-d!L’Ult)ciLl[)}i ,,,-(. (-)

1
.111,1+

1.

“llIrIsLIauglcs depend on O- and $q bIJL:~r., in ;;c’ncral,n(lmt~ric.lllydiLl_L,rc’[]1.

Fur every pt

d, and $
1’

;1rut’
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KESULTS

Table I gives the pertinent dimensions used in the calculations. Figure 3

shows the detector response vs particle diameter as a function of particle

relative refractive index for the forward scatter detectors in these two

.z:r.;t..~.+mThe expcrir!?entaldata points .IT.*fmr-pla+L i.-:~11.,I,II!I-1~.:.xho~e

cll:lracLt*ristics are given in Table 11. The i:~dgin~ry componcr,t of the refrac-

tive index WaS assumed to be 0.0 for all tl]ecalculations shown in the figures.

The relative refractive index m = 1.0 corresponds to a homogeneous sphere

model for a live cell, m = 1.12 to that for a fixed CC1l, and m = 1.20 to that

for a polystyrene latex sph~re immcrsecl in a saline solution whose refr:~ctive

index is 1.3345. The mismatch between theory and experimeilt for the 15.7-

and

Lilt

Vile

18-DM diametct spheres is considered in t~]cdiscussion s,jc~ion. Note that

respcnse is rather flat in the diameter r-gion below 5 urn, implying that

wotIld obtain v~.ry sm:lll light-scatter coefficients of variation for small

particles wittl significant volume coefficients of variaLion. Ni,te al SO that

the F.ICS-JI system is more sensitive to particle rrfr,lctive index rhan~es r.h,l[~

is ck,eTt’S-J system.

The forward scatter detector response is affected by the oosition of the

particle wi.chin the stream. Figure 4 sho~,s tht’calculaLPd effe:ts of particle

posi: ion on the detector response vs particle diameter curves for LllUtwo

sycr.em.sfc,r two different particle relative reft-:lctiv~’i[~dices. ‘i’Ilcfigure

lc~;(,ndsgive tlIecoordinates of the particlr cent~’r (X Y ZC) in ~m with
c’ c’

rc’spect to tl~<f:entcr of the sample stream. TheSL) effects arc illustrated

mrlrt,dr:lm.1:i.~111;+i[~.Fig. 5 wllic’11sl~I.~1.~.+a comparison b[’tw~’~11c~LIL-~llld!lt~l iind

c:ilcillatc’d scatL[”r intcnsit:,’frt:clucllcyIlistugrams for 10-1-hIdiameter poly-

styrene l;ILcxmicrosph(:res (10) . The calculated distributions w~’r~’obtain~’d

by Monte Carlo m~’Lhods using the cxp(’rimental Coul.t(’lvolume disrribiltiolls‘Irld

-7-



the calcolmted position distributions. The G3uitcl’ volume truquerl~;y histogram

was transformed into a diameter distribution and divided into five bins with

appropriately assigned probabilities. A two-dimensional map of detector

response vs particle position was generated for each diameter bin, and then zn

appropriate number of particles was selected at random fram a normal distribu-

Only 4000 particles were used to generate this distribution to maintain a

reasonable scale on the graph. The u = 0.75-Bm calcula~ions and the experimental

data both contain 19,166 points.

The effects of refractive index (In the 90° scatter detector response function

for the FACS-11 are shown in Fig. 6. The particles arc assumed to be centered

in the cell stream. NoLe t}latthe refractive index dependence is now inverted

with respect to that of the forward scatter detector. The mi.;wcch between

theory and experiment at the 15.7- and 18–pm diameters is discussed below.

Figure 7 shows the effects of cell position on the 90° scatter detector response

iuncticn Particle coordinates (XC, YC, ZC) inside the cell stream are given

in the figure legend.

●
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DISCUSSION

Since the 15.7- and 18-pm diameter ?rktes were darkly colored, imaginary

refractive indices were chosen to minimize simultaneously the discrepancies

between theory and experiment for each of these two particle sizes for the

data in Figs. 3A and 3B and Fig. 6. An imn~i.q~ry rcfr:lctiv.: Index, ni, of 0.0015

was successful in moving the calculation for rhe ltl-pmdiameter spheres to

within one standard deviation of the experimental data for all three detecttirs.

An ni value of 0.0009 mcved the calculations for the 15.7-pm diameter spheres

to within 1.6 standard deviations for the FACS-11 and TPS-1 forward scatter

detectors. However, this correction still left the calculation for the 90°

FACS-11 detector seven standard deviations above the experimental data.

It has been shown that the response of scattered light detecL~rs for two

commercial stream-in-air cell sorters is sensitive both LO particle refractive

index and position within the stream. The effects of cell position within

the s~mple stream can be minimized by using a concentrated sample and adjusting

the sheath and sample pressures so that the sample stream diameter within the

sheath strezm is minimize.1. To c-ldress the effects of refractive index changes

and nan-monoticity of the scatter detector response function, care should be

taken in interpreting:;the data when, for .exampl~, comparing frequency histogram

of cells prepared with different fixatives. Although Lhese results are strictly

applicable only to homogeneous spheres, they shed some light on problems likely

to be encour.tered with biological cells.
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FIG. 4. Position effects: The calculated effects of particle position, C,

on the forward scatter detector response v:;particle diameter curvt+s for the

FACS-11 md ‘fPS-l cell sorrcrs Fer two particle relative refractive indices.

The particle coordi[~atcs (XC, YC, ZC) are given in ~lmin the Ief;encl. (it)FACS-

11, m= 1,03; (B) FACS-11, m = 1.20; (C) TPS-1, m= 1.03; and (1))T’PS-1, m =

1.20.
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FIG. 5. Cornparis\m between experimental and theoretical forward scatter

intensity frequency histograms for 1O-BIU diameter homogeneous plastic micro-

sphere. Calculated distributions were obtained by choosing a particle at

random from a normally distributed Coulter volume distribution (volume

coefficient of variation 2%) and placing the particle in the Y-Z plane in the

cell stream at randcrnwithin a normal distribution with the standard deviations

given in the legend.
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